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Abstract—Energy is the essential component of all 
industries. However, its misuse by untrained staffs, owners 
of factories and companies increases the rate of consumption 
which consequently leads to waste of energy. This study aims 
to find the possible ways to rationalize energy consumption 
by introducing methods to provide and reduce consumption 
to maintain non-renewable energy for longer time as much 
as possible. This study was conducted on a confectionery 
factory that relies mainly on electrical energy and other 
sources of energy such as gas and diesel in the operation of 
furnaces to obtain high quality products while taking into 
account the reduction of energy consumption. Energy 
management is the first and most important strategic area to 
reduce the costs by controlling thermal and electrical energy 
consumption. First, the facility was analyzed to check the 
consumption of energy, and then the electrical and 
mechanical devices were inspected and suggestions were 
made to save the energy based on this study. The result 
showed a total energy saving up potential of 30,000 
(kWh/year) by improving the electrical systems of the 
factory.   
Keywords— Energy audit; Cost; confectionery factory; 
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I. INTRODUCTION  
Energy is scientifically defined as the ability of a 
system to perform the work. In the context of industry, 
energy   can be stored, purchased, processed and used in 
industrial facilities using sources such as gas and coal. 
There are many uses of energy in the form of heating, 
cooling, manufacturing and transportation and to have a 
sustainable and energy-efficient economy, energy audits 
must be conducted in the industries [1-2].  
The industrial sector in Jordan, in terms of  the sectoral 
distribution of the final energy consumption, consumes 
about 991 mt (megatons), which is 17% of the total 
consumption of all sectors [3]. Energy remains Jordan’s 
top challenge. The Kingdom has almost no indigenous 
energy resources. It imports some 96% of the energy it 
consumes. This almost complete reliance on foreign oil 
imports consumes a significant amount of the country’s 
GDP (about 10% annually). Moreover, multiple attacks on 
the Arab Gas Pipeline from 2011 to 2014, which supplied 
88% of the country's electricity generation needs, forced 
the country’s power plants to use diesel and heavy fuel oil, 
costing the treasury millions and pushing the national 
energy bill to record highs. All these factors have left 
Jordan struggling to meet its energy requirements. Figure 1 
shows the consumption of different types of energy in 
Jordan [7].   
 
Fig. 1. Consumption of Energy in Jordan by Energy Type [7]. 
     There is no clear definition of energy efficiency and this 
leads to some confusion. However, in general, energy 
efficiency is simply the ratio of useful energy output   to 
energy input into any energy conversion device [5]. 
Energy efficiency policy aims to improve the current 
situation either by changing the initial input of energy or 
by inventing new technologies that help to improve the 
energy production, storage and consumption. In the 
industrial context this means accelerating the rate of 
reduction in energy use per unit of industrial output [6]. 
In this study auditing was conducted to improve the 
energy efficiency by improving the quality of process and 
servicing which consequently decreases the total cost of 
energy. On the other hand, this study also aims to improve 
the comfort and safety of people by reducing 
environmental impact and carbon footprints to meet the 
modern requirements to protect the environment. The 
following facts can be stated about the total power 
consumption in Jordan’s factories in the last few years:   
 The total electricity consumption during 2015-
2017 was 1,104,834 kWh and the total electricity 
cost was 86,186 Jordan Dinars (JDs). 
 The total diesel consumption during 2015-2017 
was 2,063,231 kWh (177,406 Liters) while the 
total diesel cost was 64,113 JDs.The total LPG 
consumption during 2015-2017 was 2,495,047 
kWh (182,560 Liters) and the total LPG cost was 
106,950 JDs. 
Depending on these values, this study attempted to 
evaluate ways to decrease the total consumption of 
electricity and migrate the factory dependence on diesel to 
LPG by investigating and designing an energy saving 
program. 
II. METHODOLOGY  
A. Data collection  
The data collection was done by visiting the factory. 
The energy bills were collected from the factory after the 
first visit. These collected bills were analyzed in 
cooperation with an external engineering company 
specializing in energy audit procedures where they had the 
required equipment and instruments to conduct this 
technical report which are shown in table I and II. 
TABLE I.  THE TOOLS USED FOR ELECTRICAL DATA COLLECTION IN 
ENERGY AUDIT  
Voltmeter Voltage 
Ammeter Current 
Wattmeter Active power 
Power factor 
meter 
Power factor/apparent power
Light meter Lighting level 
Power quality 
analyzer 
Harmonic contents 
Data Loggers Energy and Current 
The available data, plus technical investigation were 
used for some of the recommendations and findings during 
the visits of the factory.  
TABLE II.  THE TOOLS USED FOR MECHANICAL DATA COLLECTION IN 
ENERGY AUDIT 
manometer Air flow velocity & 
pressure 
Pressure gauge Liquid Pressure
Ultrasonic flow meter with 
pipe clamps 
Liquid flow & 
velocity 
Thermometers Temperature
Combustion Gas Analyzer Boiler Efficiency
 
B. Data management and analyzing  
The data have been managed in cooperation with 
engineering company by collecting the electrical bills from 
the confectionery factory and analysing them after 
performing the measurements for each section. These 
measurement sections are as followed:  
1. Production lines (Motors) including furnaces: it’s 
the biggest consumption source based on the applications 
and contributes not less than 40% of the total consumption. 
2. Cold Stores including the refrigerators consume a 
lot of energy based on the application and that also take 
more than 15% of the total consumption of the energy. 
3. Ventilation Fans and AC Split Units plus Small 
Chiller also have contribution in the energy consumption 
in this factory. 
Confectionery factories has one chiller with capacity of 
4 Ton to provide the facility with cold water that is 
required for production process in some applications. On 
the other hand, there are four split units for the 
management department, each with 2-ton capacity. 
In order to evaluate the energy consumption of these 
split units, the energy audit team estimated the Split Units’ 
operation hours in summer to be 8 hours. This enabled 
calculation of the full load capacity. 
TABLE III.  EXISTING COOLING CONSUMPTION  
Device Rated 
power 
(kWh)  
nu
m
be
r 
Total 
power 
(kW) 
Operation 
time 
(h/year) 
Annual 
consump
tion 
(kWh) 
Annual 
cost 
(using 
avg. 
Tariff) 
(JDs) 
AC Split 
Unit 
2.5 4 10 =8*6*52=2
500 
25000 1900 
Chiller 5 1 5 =8*6*52=2
500 
12500 950 
Total  5 15  27500 2850 
 
The air conditioning units were replaced with energy 
efficient units (inverter technology air conditioners), 
because the inverter technology (DC) is the latest 
innovation of electro motor technology of the compressors. 
An inverter is used to control the speed of the compressor 
motor to continuously regulate the temperature. 
The DC inverter units have a variable-frequency drive 
that comprises an adjustable electrical inverter to control 
the speed of the electromotor. Usually, using this 
technology can save up to 50% of the consumption based 
on the commercial brands available on the market. It also 
gives a high quality of cooling or heating, instead of the 
old split units. 
C. Air Compressor  
The factory is provided with two 7.5 kW air 
compressors connected at one air tank. Air compressors 
are operated on daily basis for10.5 hours/day and for every 
working day. Based on this information, air compressor 
consumes 9,140 kWh/year, which costs around 722 
JD/year. Leakage is expressed in terms of the percentage 
of compressor capacity lost. The percentage lost to leakage 
should be less than 5% in a well-maintained system. It is 
recommended periodically test the leakage in the network . 
During the factory visits, there were no significant 
leakages observed on the compressed air reticulation 
network. However, the maintenance team was asked to 
check for any noise of leakage during shutting off the 
machines to check if there are significant leakages. 
D. Lighting System  
Adding energy efficiency to the lighting system grants 
an added value and greatly cuts down electricity 
consumption while keeping performance at the required 
level.  
Small improvement in lighting quality can substantially 
improve user productivity. The right quality and quantity 
of light can be provided efficiently with less energy by 
using the proper technology and its effective integration 
with daylight. 
The existing lighting in the factory shows that the total 
number of fixtures or lamps is around 183. Based on the 
investigation in the factory, the existing lighting systems 
are listed in Table IV. 
TABLE IV.  NUMBER OF LIGHTING IN THE FACTORY  
Type of lighting Number of fixtures of lamps 
Fluorescent tube 150 
CFL 19 
Flood Light 8 
Efficacy of typical CFL lamp and Fluorescent tube is 
45-70 lumens per watt (lm/W). The currently installed 
lighting fixtures are mainly CFL which has low efficacy. 
As such, it is recommended to replace the existing fixtures 
with new fixtures utilizing LED technology which has high 
efficacy (100 lm/W). Most of the factories adopt 
fluorescent tubes lamps, which are used in different areas. 
These lamps actually operate on the average 10.5 
hours/day as per the operation and maintenance team. 
However, LED fixtures offer the following advantages: 
1. Long lifetime in the range of 25,000 hours. 
2. Durable.  
3. Offer comparable or better light quality than other 
types of lighting. 
Based on the above properties, the following three 
recommendations could be suggested for the lighting 
system improvement: 
 Replacing Fluorescent fixtures with LED fixtures. 
 Replacing CFL fixtures with LED fixtures. 
 Replacing Flood light fixtures with LED fixtures.      
III. RESULTS AND DISCUSSION 
A. Estimation of the energy savings in lighting  
Table V shows the total consumption of the factory 
lighting system, and the distribution of lighting system 
before changing them to LED fixtures. 
TABLE V.  EXISTING LIGHTING SYSTEM CONSUMPTION AND COST  
Type of 
lighting 
Numb
er of 
fixtures of 
Po
wer 
(W) 
Total 
Annual 
Consumption 
lamps (kWh)
Fluoresce
nt tube
150 36 13500
CFL 19 14 665
Flood 
Light 
6 50
0 
7500
Flood 
Light 
2 10
00 
5000
Total Consumption kWh 26,665
Total Cost*    JD 2060
Note: cost=10,000*0.071+ (total power (kwh) – 
10,000)*0.081 Where, the total cost of existing lighting 
system is equal to 2060JD, while the total consumption is 
equal to 26,665kWh.    
 
B. Proposed lighting system  
The consumption for the proposed lighting system is 
shown in Table VI. 
TABLE VI.  PROPOSED LIGHTING SYSTEM CONSUMPTION AND COST  
Type of lighting Number 
of 
fixtures 
of lamps 
Power 
(W) 
Consumption 
(kWh) 
LED 14W 169 14 5915 
LED 150W 6 150 2250 
LED 400 2 400 2000 
Total Consumption kWh 10,156 
Total Cost*    JD 775 
 
Summary of achievable energy savings in lighting 
system are listed next: 
1. Existing Total power consumption = 27,700 
kWh/2500h= 11.08 kW. 
2. Existing Total Energy consumption = 27,700 
kWh. 
3. Proposed Total power consumption = 4.06 
kW. 
4. Proposed Total Energy consumption = 10,156 
Kwh. 
5. Total power savings = 7.02 kW. 
6. Total energy savings = 16,544 kWh. 
7. Total cost savings= 2030-775 = 1,255 JD 
annually. 
8. Rough estimation of the needed investment = 
4000 JD. 
C.  Estimation of the energy savings Cooling system 
The inverter technology split units can save up to 50% 
of the consumption cost based on the commercial brands 
available in the market. Also it gives a high quality of 
cooling or heating, instead of the available old split units. 
Roughly by assuming that it will save 50%, the 
following summary can be achieved: 
• Total existing cost of the split units: 1900 JD 
• Total savings by replacing the existed split unit 
by inverter technology split units: 950JD 
• Estimated investment cost: 1300 
D. Total electrical consumption 
Figure 2a and 2b show the difference between the total 
electricity consumption (kWh) and total cost (JD) before 
and after the power system management for the lighting 
and cooling system. 
 
Fig. 2. (a) Total cost (JD) (b) Total consumption (kWh) for the lighting 
and cooling system. 
Depending on the above results, the total yearly saving 
in electrical power is about 30000 (kWh).  Figure 3 shows 
the payback period for the lighting and cooling system. 
Payback period in capital budgeting refers to the period of 
time required to recoup the funds expended in an 
investment, or to reach the break-even point Figure 3 
shows the payback period for the lighting and cooling 
system after modifications of the old systems. 
 
 
 
 
 
 
 
Fig. 3. The payback period for the lighting and cooling system. 
 
IV. CONCLUSION  
The energy saving analysis was carried out at a 
confectionery factory in Jordan. Preliminary results after 
visiting the factory showed a high consumption of 
electrical energy, which is made up for the cooling and 
lighting systems. The lighting systems were changed from 
traditional lamps to high performance lamps, in addition to 
changing the cooling system in the factory by replacing 
existed split unit to inverter technology split unit. The 
factory systems including furnaces have been changed 
from diesel to natural gas because of the high price of 
diesel and the high pollution emitted. The result shows a 
total saving up to 30000 (kWh) in the electrical bills. Some 
other recommendations were given to the factory related to 
the lighting maintenance. A more deep economic analysis 
can be conducted if the total number of working hours for 
each type is known, to calculate the actual savings between 
the consumption of each existed type and the proposed 
type. 
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